Introduction
============

Epithelial ovarian cancer (EOC) represents nearly 70% of ovarian cancers and is the second most common cancer among gynecological cancers \[[@B1]\]. EOC is usually diagnosed at the advanced stage (up to 75%). Staging surgery is usually enough at the early stage (stages 1--2). However, extended surgical procedures may be needed for advanced stage diseases \[[@B2]\]. Aggressive approaches are necessary to achieve maximal cytoreduction but are associated with perioperative and postoperative morbidity and mortality \[[@B3]\]. Surgical extension is associated with intraoperative vascular injury, blood loss, transfusion need, and increased intestinal and urinary tract injury \[[@B4]\].

The extent of surgery, age, comorbidity, and performance status are important predictors for short-term postoperative outcomes \[[@B5]\]. Intraoperative and postoperative complications also extend the hospital stay and delay adjuvant chemotherapy treatment. However, patients may need intensive care after surgery and may die of surgical complications during the early postoperative period. Therefore, the selection of the surgical candidate and preoperative evaluation of risk factors become even more important. In addition, a careful intraoperative evaluation would constitute the basis of follow-up in the healing period.

The objective of our study was to evaluate morbidity of cytoreductive surgery and discuss the risk factors before and after the surgery.

Materials and methods
=====================

Records of all EOC patients, who underwent primary debulking surgery, were evaluated retrospectively. Patients were excluded if they had a history of neoadjuvant chemotherapy. We considered hysterectomy, bilateral salpingo-oophorectomy, bilateral paraaortic and pelvic lymph node dissection, omentectomy, appendectomy, and peritoneal tumor resection as standard surgeries. Extended surgeries included additional bowel resection, splenectomy, pelvic peritonectomy, diaphragm resection, and cholecystectomy. Bowel resection included partial or total colectomy and/or rectum resection. Data from operation notes including intraoperative complications such as haemorrhagia, bowel injury, transfusion, and volume of ascites were recorded. Any injury that required ureter or bladder surgery was considered as a urinary tract injury. Any injury that required ileum, colon, or rectum surgery was considered as a bowel injury. Comorbidities that needed chronic treatment such as hypertension, diabetes, and cardiac failure were considered as chronic diseases. Postoperative complication was defined as a complication that occurred within 30 days after surgery. Patients were considered to be either in the early (stages 1 and 2) or advanced (stages 3 and 4) stages of EOC. The grades of the patients were classified as low (G1 and G2) and high (G3 and clear cell). Lymph node involvement (LNI) was also recorded from the final pathology reports. The threshold values for ascites and cancer antigen 125 (CA125) were 500 mL and 1,000 IU, respectively. Hospital stay duration, transfusion, postoperative complications such as pleural effusion and ileus, need for intensive care unit (ICU) admission, and chemotherapy start day after surgery were recorded from the database system.

The data were analyzed using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA). Frequency and descriptive analyses were performed. Independent samples *t*-test was used to evaluate the unrelated groups. Chi-square and logistic regression analyses were used to evaluate the factors affecting operative and postoperative complications. A *P*-value \<0.05 was considered statistically significant.

Results
=======

A total of 359 patients were included in the study. General characteristics of patients are shown in [Table 1](#T1){ref-type="table"}. The median age of the study population was 53 (21--87) years and 68% of the patients were \<60 years old. The incidence of serous histology, G3 disease, and advanced stage disease was 73.8%, 57.4%, and 69.9%, respectively. Two hundred and forty-eight patients underwent standard surgery and 111 patients underwent extended surgery.

###### General properties of patients
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  Characteristics             No. (%)                  
  --------------------------- ------------------------ ------------
  Age (yr)                                             
                              ≥60                      115 (32)
                              \<60                     244 (68)
  Histology                                            
                              Serous                   265 (73.8)
                              Musinous                 18 (5.0)
                              Endometrioid             26 (7.2)
                              Clear cell               32 (8.9)
                              Others                   18 (5.0)
  Grade                                                
                              1                        37 (10.3)
                              2                        84 (23.4)
                              3                        206 (57.4)
                              Clear cell               32 (8.9)
  Stage                                                
                              1                        75 (20.9)
                              2                        33 (9.2)
                              3                        203 (56.5)
                              4                        48 (13.4)
  Surgical limit                                       
                              Standard                 248 (69.1)
                              Extended                 111 (30.9)
  Surgical complexity score                            
                              \<3                      12 (3.3)
                              4--7                     289 (80.5)
                              \>8                      58 (16.2)
  Extended procedures                                  
                              Splenectomy              52 (14.5)
                              Diaphragmatic excision   18 (5.0)
                              Pelvic peritonectomy     60 (16.7)
                              Colorectal excision      23 (6.4)
                              Cholecystectomy          7 (1.9)
  Ascites (mL)                                         
                              \<500                    160 (44.6)
                              \>500                    199 (55.4)
  Intensive care unit                                  
                              Needed                   42 (11.7)
                              Not needed               317 (88.3)

Forty-six intraoperative complications occurred in 42 (11.6%) patients ([Table 2](#T2){ref-type="table"}). The most common complications were urinary (5.2%), intestinal (2.8%), and hemorrhagic (3.9%) complications. No intraoperative deaths occurred. The need for ICU admission during the postoperative period was 11.7% (42/359).

###### Complications
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  Complications                  No. (%)                           
  ------------------------------ --------------------------------- ----------
  Intraoperative complications   (42 patients/46 complications)    
                                 Haemorrhagia                      6 (1.7)
                                 Vessel injury                     8 (2.2)
                                 Intestinal injury                 10 (2.8)
                                 Bladder injury                    12 (3.3)
                                 Ureteral injury                   7 (1.9)
                                 Respiratory failure               2 (0.6)
                                 Obturator nerve injury            1 (0.3)
  Postoperative complications    (70 patients/100 complications)   
                                 Atelectasia                       5 (1.4)
                                 Pleural effusion                  18 (5.0)
                                 Haemorrhagia                      1 (0.3)
                                 Wound infection                   21 (6.3)
                                 Urinary infection                 5 (1.4)
                                 Abscess                           4 (1.1)
                                 Ileus                             21 (6.3)
                                 Intestinal perforation            3 (0.8)
                                 Hernia                            2 (0.6)
                                 Deep vessel thrombosis            2 (0.6)
                                 Death                             3 (0.8)
                                 Pneumonia                         3 (0.8)
                                 Cardiac/pulmonary failure         3 (0.8)
                                 Acute renal failure               3 (0.8)
                                 Ostomy revision                   1 (0.3)
                                 Trombositopenia                   1 (0.3)
                                 Bile leakage                      1 (0.3)
                                 Evisceration                      2 (0.6)
                                 Sepsis                            1 (0.3)
  Late complications             (15 patients)                     
                                 Hernia                            1 (0.3)
                                 Evisceration                      1 (0.3)
                                 Fistula                           1 (0.3)
                                 Deep vessel thrombosis            2 (0.6)
                                 Ileus                             6 (1.7)
                                 GIS haemorrhagia                  1 (0.3)
                                 Intestinal perforation            1 (0.3)
                                 Acute renal failure               1 (0.3)
                                 Death                             1 (0.3)

Factors affecting operative complications were evaluated using multivariate and univariate analyses separately and are shown in [Table 3](#T3){ref-type="table"}. Multivariate analysis of age, histologic type, LNI, International Federation of Gynecology and Obstetrics (FIGO) stage, presence of ascites, CA125 level, capsule integrity, presence of chronic disease, and extension of surgical approach showed that advanced stage and CA125 level were independently and significantly associated with operative complications (hazard ratio \[HR\], 1.66; 95% confidence interval \[CI\], 1.01--2.73; *P*=0.044 and HR, 1.47; 95% CI, 1.05--2.06; *P*=0.025, respectively). In univariate analysis, grade and presence of chronic disease were the only factors without statistical association. The need for ICU admission was also significantly higher in patients with intraoperative complications than in those without intraoperative complications (28.6% vs. 8.8%, *P*=0.001).

###### Univariate and multivariate analyses of factors affecting intraoperative complications
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  Factors                  Univariate analysis   Multivariate analysis                                            
  ------------------------ --------------------- ----------------------- ------------ ------ ------------ ------- --
  Age (yr)                                                               0.040                                    
                           \<60                  23 (9.4)                221 (90.6)                               
                           ≥60                   19 (16.5)               96 (83.5)                                
  Histology                                                              0.008                                    
                           Serous                38 (14.3)               227 (85.7)                               
                           Others                4 (4.3)                 90 (95.7)                                
  Grade                                                                  0.117                                    
                           Low                   19 (15.7)               102 (84.3)                               
                           High                  23 (9.7)                215 (90.3)                               
  Stage                                                                  0.007        1.66   1.01--2.73   0.044   
                           Early                 5 (4.6)                 103 (95.4)                               
                           Advanced              37 (14.7)               214 (85.3)                               
  Lymph node involvement                                                 0.005                                    
                           Present               29 (16.7)               145 (83.3)                               
                           Absent                13 (7.0)                172 (93.0)                               
  Surgical approach                                                      0.007                                    
                           Standard              21 (8.5)                227 (91.5)                               
                           Extended              21 (18.9)               90 (81.1)                                
  Ascites (mL)                                                           0.013                                    
                           \<500                 11 (6.9)                149 (93.1)                               
                           ≥500                  31 (15.6)               168 (84.4)                               
  CA125 level (IU)                                                       0.004        1.47   1.05--2.06   0.025   
                           ≥1,000                21 (19.8)               85 (80.2)                                
                           \<1,000               21 (8.3)                232 (91.7)                               
  Capsule integrity                                                      0.031                                    
                           Intact                4 (4.8)                 79 (95.2)                                
                           Not intact            38 (13.8)               238 (96.2)                               
  Chronic disease                                                        0.409                                    
                           Present               20 (13.4)               129 (86.6)                               
                           Absent                22 (10.5)               188 (89.5)                               

HR, hazard ratio; CI, confidence interval; CA125, cancer antigen 125.

[Table 4](#T4){ref-type="table"} summarizes the comparison between morbidity of extended and standard surgeries. Intraoperative and postoperative complication rates were significantly higher for extended surgery than for standard surgery (18.9% vs. 8.5%, *P*=0.005 and 38.7% vs. 10.9%, *P*=0.000, respectively). Intraoperative and postoperative transfusion need, hospital stay, and chemotherapy start day were also significantly higher in extended surgery than in standard surgery.

###### Morbidity of surgical extension
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  Factors                                    Extended surgery   Standard surgery   *P*-value
  ------------------------------------------ ------------------ ------------------ -----------
  Intraoperative complications               21 (18.9)          21 (8.5)           0.005
  Postoperative complications                43 (38.7)          27 (10.9)          \<0.001
  Hospital dtay (day)                        14.5               8.0                \<0.001
  Chemotherapy start day (day)               17.8               15.4               0.030
  Operative blood product need (units)       3.2                0.8                \<0.001
  Postoperative blood product need (units)   7.0                3.2                0.003
  Intensive care unit need                   30 (27.0)          10 (4.0)           \<0.001

Values are presented as number of patients (%).

Hundred postoperative complications occurred in 70 patients. The most frequent complications were ileus (6.3%), wound infection (6.3%), and pleural effusion (5%). Seven (2.1%) patients underwent re-operation due to haemorrhagia (n=1), intestinal perforation (n=3), evisceration (n=2), and ostomy revision (n=1). [Table 5](#T5){ref-type="table"} presents the factors affecting postoperative complication rates. In multivariate analysis of age, histologic type, histologic grade, LNI, FIGO stage, presence of ascites, CA125 level, capsule integrity, presence of chronic disease, extension of surgical approach, and presence of operative complications, age (HR, 1.44; 95% CI, 1.08--1.93; *P*=0.012), extended surgery (HR, 1.8; 95% CI, 1.32--2.44; *P*\<0.001), presence of ascites (HR, 1.63; 95% CI, 1.13--2.36; *P*=0.008), and presence of intraoperative complications (HR, 1.55; 95% CI, 1.07--2.25; *P*=0.019) were found to be independently and significantly associated with postoperative complications. In the univariate analysis, the presence of chronic diseases was the only parameter that was not associated with postoperative complications.

###### Univariate and multivariate analyses of factors affecting post-operative complications
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  Factors                           Univariate analysis   Multivariate analysis                                              
  --------------------------------- --------------------- ----------------------- ------------ --------- ------ ------------ ---------
  Age (yr)                                                                                                                   
                                    \<60                  35 (14.3)               209 (85.7)   0.001     1.44   1.08--1.93   0.012
                                    ≥60                   35 (30.4)               80 (69.6)                                  
  Histology                                                                                                                  
                                    Serous                63 (23.8)               202 (76.2)   \<0.001                       
                                    Others                7 (7.4)                 87 (92.6)                                  
  Grade                                                                                                                      
                                    Low                   17 (14.0)               104 (86.0)   0.068                         
                                    High                  53 (22.3)               185 (77.7)                                 
  Stage                                                                                                                      
                                    Early                 8 (7.4)                 100 (92.6)   \<0.001                       
                                    Advanced              62 (24.7)               189 (75.3)                                 
  Lymph node involvement                                                                                                     
                                    Present               46 (26.4)               128 (73.6)   0.001                         
                                    Absent                24 (13.0)               161 (87.0)                                 
  Surgical approach                                                                                                          
                                    Standard              27 (10.9)               221 (89.1)   \<0.001   180    1.32--2.44   \<0.001
                                    Extended              43 (38.7)               68 (61.3)                                  
  Ascites (mL)                                                                                                               
                                    \<500                 12 (7.5)                148 (92.5)   \<0.001   1.63   1.13--2.36   0.008
                                    ≥500                  58 (29.1)               141 (70.9)                                 
  CA125 level (IU)                                                                                                           
                                    ≥1,000                34 (32.1)               72 (67.9)    \<0.001                       
                                    \<1,000               36 (14.2)               217 (85.8)                                 
  Capsule integrity                                                                                                          
                                    Intact                4 (4.8)                 79 (95.2)    \<0.001                       
                                    Not intact            66 (23.9)               210 (76.1)                                 
  Chronic disease                                                                                                            
                                    Present               33 (22.1)               116 (77.9)   0.344                         
                                    Absent                37 (17.6)               173 (82.4)                                 
  Intra-operative complication(s)                                                                                            
                                    Present               17 (40.5)               25 (59.5)    0.001     1.55   1.07--2.25   0.019
                                    Absent                53 (16.7)               864 (83.3)                                 

HR, hazard ratio; CI, confidence interval; CA125, cancer antigen 125.

The death rate was 0.8% (3 patients). The deaths were caused by cardiopulmonary disorders in 2 patients and sepsis in 1 patient.

Discussion
==========

EOC is usually diagnosed at the advanced stage and, therefore, requires extensive surgery to minimize the tumor load. In this study, we aimed to report the morbidity of cytoreductive surgery for EOC; our study yielded important findings. Statistical analysis showed that the complication rate was not solely due to surgical extension. Patient factors (such as age), tumor characteristics (such as stage, histology, and grade), and laboratory parameters (such as CA125 level) were also associated with complication rates. Presence of intraoperative or postoperative complications did not negatively affect survival and did not delay the treatment plan. It is worth noting that the significant independent factors were different for intraoperative and postoperative complications. Additionally, the presence of intraoperative complications was associated with the postoperative period. This findings indicates the requirement of appropriate patient selection and patient-based management in the preoperative period.

Most studies on surgical outcomes focus on residual tumor size and long-term effects. The importance of residual tumor size has been well understood, especially over the last 3 decades. Optimal cytoreduction occurs when there are no visible tumors after surgery \[[@B6]\]. The effect of residual tumor size on survival has been emphasized in some studies \[[@B7]-[@B9]\]. In a meta-analysis involving 6,885 patients, the optimal debulking rate improvement was 43% to 66% \[[@B10]\]. Increased radical approaches are associated with longer survival, but also with higher morbidity. There are similar studies involving stage 3 and 4 patients. Aletti et al. \[[@B11]\] described a surgical complexity system. In their study involving 219 patients, the 3-month mortality rate was 5.9% and the major morbidity rate was 16.9%. The surgical complexity score (SCS) was associated with 30-day morbidity, and the age and American Society of Anesthesiologists score were associated with both the 30-day morbidity and mortality. In a study involving 28,651 patients, Wright et al. \[[@B12]\] reported that the surgical site and medical complications, transfusion, re-operation, and perioperative mortality rate increased with the number of additional extensive procedures (for additional 0, 1, and ≥2 procedures: 20.4%, 34.0%, and 44.0%, respectively). Maximal debulking results in more extensive surgical approaches during treatment for ovarian cancer. Moreover, published studies on morbidity after ovarian cancer surgery have been receiving attention over the last decade. In addition, patient-based management is increasingly becoming important.

The postoperative healing period is also important for the start of adjuvant treatment. In a recent study, chemotherapy start day (threshold: 28 days) was associated with the overall survival, especially in patients with postoperative residual disease \[[@B13]\]. In our study, the chemotherapy start day was much earlier and clinically very similar in both extended and standard surgery groups (17.8 vs. 15.4 days), even though the difference was statistically significant.

In elderly and poor performance patients, radical approaches may result in higher morbidity. Thus elderly ovarian cancer patients more often undergo non-optimal surgery \[[@B14]\]. Chéreau et al. \[[@B15]\] reported that elderly (29/172 patients \>70 years) patients underwent less peritoneal and lymphatic excision procedures and had significantly low SCS. In this study, the complication rates were similar. However, the overall survival was worse for the \>70-year-old group. In a similar study, Fanfani et al. \[[@B16]\] found no difference between the elderly (65--75 years) and very elderly (\>75 years) patients. Langstraat et al. \[[@B17]\] reported that age, albumin level ≤3 g/dL, urgent surgery, and stage were associated with poor perioperative outcomes. In this study, the morbidity rate was 37.5% in ≥75-year-old patients. Wright et al. \[[@B12]\] reported that age was associated with the postoperative complication rate (\<50 years, 70--79 years, and ≥80 years: 17.1%, 29.7%, and 31.5%, respectively).

Mortality of cytoreductive surgery is also associated with the extension of a surgical approach. Gerestein et al. \[[@B18]\] evaluated 2,434 EOC patients who underwent cytoreductive surgery and the postoperative mortality rate was 3.1% (76 patients). Forty-seven patients had low SCS (≤3). The main causes of death were surgical site infection and pulmonary failure. Age was also associated with the death rate. Aletti et al. \[[@B11]\] reported that SCS is associated with morbidity but not mortality after 3 months. In our study, the mortality rate was nearly 1%, which is consistent with prior studies.

Debulking surgery is the initial step in the management of EOC. As it is the most important postsurgical prognostic factor, the aim of the surgery should be to leave no residual disease. Intraoperative and postoperative complication rates increase with the extensity of the tumor and surgery. Preoperative evaluation of patient performance and expected extension of surgical approach are important during the selection of surgical candidates. Specifically, elderly patients with substantial volume of ascites and/or serious upper abdominal involvement (such as multiple parenchymal infiltration of the liver and spleen or pleural involvement/effusion) should be evaluated comprehensively using a multidisciplinary team approach. Patients may be evaluated after a neoadjuvant chemotherapy in order to decrease the high expected morbidity after primary evaluation. Surgery-associated morbidity and delay of adjuvant treatment can be avoided with good selection. We also suggest that patients who undergo these major surgeries require intensive postoperative care. Therefore, these surgeries should be performed in experienced centers of gynecological oncology.
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